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(a) Keeping the direction    (b) Changing the step cycle 
 
(c) Changing the posture to avoid collisions 
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Fig. 1.9  Nissan Motor Company’s concept car “Land Glider” 
(quoted from http://japanese.engadget.com) 
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Fig. 2.1  Support polygon and composed force 
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Fig. 2.5  Impulse response of ZMP equation 
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Fig. 2.7  Impulse response of ZMP equation changing the height of the waist 
 
 




Fig. 2.9  Impulse response of ZMP equation changing the acceleration of gravity 
 




















 (d) Zw=1200[mm] 
 




   
(e) Zw=1800[mm] 
 











Fig. 2.12  Stick diagram of walking pattern of the right leg changing the height of the 
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(a) In case of focusing "a" (b=1) 
















(b) In case of focusing "b" (a=1) 
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(a) Height of the waist Zw (G: x1) 
 
(b) Gravity (Zw=-600[m]) 
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(a) Motion #1 









(c) Motion #3 





(d) Motion #4 
 
 
(e) Motion #5 







(a) Mx for Motion #1 







(b) My for Motion #1 







(c) Mx for Motion #2 







(d) My for Motion #2 







(e) Mx for Motion #3 (1/2) 





(e) Mx for Motion #3 (2/2) 
 
 
(f) My for Motion #3 (1/2) 







(f) My for Motion #3 (2/2) 







(g) Mx for Motion #4 







(h) My for Motion #4 







(i) Mx for Motion #5 (1/2) 







(i) Mx for Motion #5 (2/2) 







(j) My for Motion #5 (1/2) 







(j) My for Motion #5 (2/2) 
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Fig. 3.2  Waist compensatory motion generated with the IR-based SWPG  






















Fig. 3.5  Waist compensatory motion for standing still generated with the 












































Fig. 3.7  Comparison of the waist trajectories (without windows overlapped) 
 




Fig. 3.9  Comparison of the waist trajectories (with windows overlapped) (enlarged) 
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Fig. 3.11  the compensatory waist trajectory for the compensated moment which is cut out 

































Fig. 3.15  Difference value of the acceleration 
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Fig. 3.18  The number of the iterative calculation at each window 
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Fig. 4.2  Pelvis and knee motion of human walking [122] 
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(a) Foot-flat   (b) Toe-contact 



























WABIAN-2R???? 1.48[m] ???? 63.7[kg]???????? Fig. 4.6????
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Fig. 4.10  Movable range of joints 
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Fig. 4.11? Photo of WABIAN-2R 
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